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THE APPLICATION OF EMERGING TECHNOLOGY TO SPORTS
TECHNOLOGY: WIRED SKIN
by
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requirements for the Degree of Bachelor of Science in
Mechanical Engineering
ABSTRACT
Technology is continuously being developed, processed and created into products for the
consumer market; however, in the steps of this process, there is often one goal in mind,
and using the technology is rare used for different and novel areas. The goal of this paper
is to show how three emerging technologies can be used creatively beyond their original
purposes by the sports industry. The technologies addressed in the paper are The
Microsoft Full Body Network, ShapeTape and the FluidFocus Lens. These technologies
address the issues of wireless data and power transmission, data acquisition, and the
creation of a lens with variable focus with no mechanical or moving parts, respectively.
Research was done to understand the current state of the technology or product, and what
obstacles remain in the path to the creation of an actual working prototype. A merging of
these three technologies resulted in a proposed product for the sports industry. The name,
Wired Skin, was given to this envisioned product, and was tailored in response to a
survey conducted with a pool of 200 individuals. The issues of the price range customers
were willing to spend on various products, the importance of various improvements to
existing technology and general questions to specify the demographic questioned were
addressed fully. This paper creates a melding of the three technologies into a product that
addresses the major barriers to the entrance of emerging technology to the area of
athletics.
Thesis Supervisor: Dr. Kim Blair
Title: Research Engineer
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1.0 Introduction
1.1 Current Situation of Technology in Athletics
Technology in sports today is a fast-growing field. The desire to move faster,
recover quicker and last longer have led to the increased integration of technology into
sports. The prevalent fields of today's research and high tech products are textiles,
material science and electronics.
There are several applications for textile research in the realm of sports. First and
foremost is aerodynamics for athletes concerned with speed. Nike has a division devoted
solely to the research and development of apparel that will make swimmers move
through the water faster and racers move on land with the least amount of resistance.
Material science and the application of fluid mechanics is a large part of this research,
and it is an ever-growing field.
Another area of research concerning textiles is the integration of electronics into
fabric itself. This revolutionary idea will allow for the transmittal of data and perhaps
even power throughout the body via the fabric one wears. A central power supply will be
able to run multiple devices the user wears, and the bulk of wires will be transformed into
an unobtrusive and lightweight data net. Another benefit of this research is the grouping
of outputs for the electronic devices. For example, a pair of glasses the user wears could
display outputs from a cell phone, stopwatch and video camera; an earpiece could output
audio from these same devices; and an arm mounted keypad could serve as input for
multiple devices.
Electronics, which are the focus of this paper, cover a wide field, ranging from
wireless communication to data acquisitions and recording. Their importance to the realm
of sports is transcending old barriers that existed due to device size, battery life and
interference with performance, creating new ways of integrating electronics into athletics.
Current athletic electronics are limited to heart rate monitors, timers, odometers, MP3
players and speedometers. There is a greater infusion of electronics in exercise equipment
that is stationary due to the ability to embed these large, bulky devices into sizeable
machines. In those cases, power measuring devices, and exercise analysis equipment also
prevail the sports electronics field.
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The current limitations, preventing electronics from successfully infusing into
the athletics industry, can be broken down into three major categories: device size and
mass, the interference of wires for data and power transmission with user movement, and
the limitations to current battery technology requiring re-charging and replacement.
These three factors prevent athletes from using electronic devices without changing their
normal routine, and is a major concern for use during training and even more for use in
competition. These are the problems from a market standpoint, and issues that need to be
addressed in order to create a viable product. There are, of course, specific technical
limitations to the three products discussed in this paper, and those are addressed in the
analysis section.
1.2 The Product: Wired Skin
Wireless networks, once thought unreliable, outlandish and power draining, are
no a common occurrence, mostly with cell phone users. It is only a matter of time under
that concept is expanded into something much greater. This expansion is one of the key
features of Wired Skin. Imagine every electronic device you use without wires. Data from
cell phones, MP3 players or PDAs is transmitted wirelessly to an assortment of
headphones, keypads, microphones, LCD displays and other data interaction devices,
allowing them to be placed in the best location for user comfort. The placement of these
devices can be tailored to different types of athletes. All that is required is contact with
the skin, which acts as the "wires" of the system. Now imagine that wires are not only
unnecessary for data transmission, but for power transmission as well. The weight and
size of electronic devices is greatly reduced because they no longer need to carry a power
source. Instead, batteries are placed in locations of greater convenience such as a shoe or
belt buckle.
This is only one feature of this revolutionary product. It also has data recording
capabilities in the form of video and pictures, but with a tiny variable-focus camera that is
a fraction of the size of normal digital cameras. This is because the zoom feature on the
lens is controlled via a variable electric current as opposed to mechanical elements that
change the distance between lens elements. This new camera can be placed anywhere on
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an individual's body, or equipment he/she is using without impeding motion in any
manner at all.
The final exciting feature of this product is the integration of sensors measuring
stress, strain, position, acceleration, velocity and many additional elements of either the
individual or equipment a person is using. The measuring element is extremely small, on
the scale of a piece of athletic tape, and adhesive in the same manner.
All of these technologies exist in one product, Wired Skin, a comprehensive
athlete monitoring device that is accurate, reliable and barely noticeable. Heavier
elements (such as batteries) are placed in locations that allow the user to operate as if they
weren't even there. The collection of the data from the camera and mechanical sensor
occurs at the device, and the data is transmitted via the skin to a computer to store it. This
computer could be a small but powerful PDA, placed anywhere on the athlete's body.
In the following paragraphs I have outlined several scenarios where this product
could be best used for athletes in various fields. These situations assume that the product
is completely functional, and working to its full capabilities. An informal style of writing
is used as it shows the scene in a sense that is understandable even from a non-technical
perspective. The descriptions as a whole show the full scope of the product, and how it
stretches beyond the amazing technologies it employs, to the actual impact it will make
on the people who are involved in sports.
1.2.1 Scenario #1: The Biker
It is the 5 th day into the race; our biker is climbing a hill that seems to go on
forever. There is a gentle click in his ear, and his coach starts talking to him as if he was
standing right next to him.
"Joe, you're doing good, keep it up. I have the latest GPS locations of the bikers;
turn your screen on to take a look."
Joe breathes an "ok" into the tiny microphone mounted on his sunglasses. They
are integrated into the frame, and have been constructed to pick up the sounds coming out
of his mouth without him having to speak any louder than as if he was speaking to
himself. The data his coach is sending transmits to a lightweight PDA specially integrated
into his bike frame. Joe moves his thumb slightly to the side of his handlebar, and an
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image is instantaneously transmitted from the bike, through his skin, to the lens of his
sunglasses. The image only comes up to his left eye, and is constructed so not to block
his view of the road. He can see a section of the course, and were his opponents are, with
the ones he wants to keep an eye on in a bright orange.
"Thanks", Joe says to his coach.
"Oh, and another thing", Joe's coach says, following the same click, "the
mechanical stats are showing that you're favoring your right side. I know you're getting
tired, but remember to keep it even."
"Will do", Joe says. He slightly alters his pedaling, glad that someone noticed
what he was doing. It will really help as the day wears on.
1.2.2 Scenario #2: Prince Tennis Racquets
"All right Sarah, go ahead and start up."
Sara gently grips the tennis ball in her hand and mentally prepares for what seems
like her 100th serve of the day. She tosses the ball up into the air, arches her back, brings
the racquet around and grunts as she makes contact with the ball. It whizzes across the
net, and lands a little left of where she intended, but still in. Her opponent is ready for it,
and shoots back a quick return with a bit of top spin. It goes back and forth a few more
times, and Sarah ends up missing a drop shot just at the net.
"Good job guys, let's call it a day", says Carl, who is standing by a computer in
the cool shade. He walks over to Sarah, and asks her to turn around. He lifts her shirt up a
little, and pulls off a small PDA that is attached to the right side of her back with some
type of adhesive.
"Wow, I had forgotten that was even there", Sara said as she turned back around
to look at the device. It was about the size of an iPOD except thinner, and made of a more
flexible material to conform to the changing shape of her back as she played.
"Yeah, this is the 5th generation of this model, so it's pretty good at this point. All
right; now to get that data off this guy." Carl walked back over to the laptop, and
connected the PDA to the computer with a firewire cable. A few clicks later he was
looking at a folder containing about 50 files.
"So what all does that thing measure?" asked Sarah.
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"Well, the sensors we have set up on the racquet are configured for stress, strain,
acceleration and velocity. We use that data to compare this new racquet to our older
models, and see if the improvements we were hoping to make occur when the product is
actually used. Sometimes we even find something we didn't even know was there, and
that gives us ideas for new improvements."
"Ahh, that's pretty neat. Wait, but how does the data from the racquet get to the
PDA?"
"A good question", said Carl. "You see, basically your skin acts as the wires that
would normally transmit the data. Simply by holding the racquet, you're allowing the
data to move to the PDA."
Carl goes on to explain in greater detail the entire process, and then takes the data
back to the Prince labs for analysis. If the developers of the product built it right, Prince
now has a new tennis racquet to put on the market. This process can be used for
numerous other athletic products including baseball bats, skis, badminton racquets,
running shoes, golf clubs, pole-vaulting poles and so many other products. The
possibilities are endless.
1.2.3 Scenario #3: The Track and Field Athlete
There are many applications for Wired Skin relating to events that are based very
heavily on form. The position of an arm, push of a leg or pointing of a toe can make all
the difference when competing in long-jump, pole vault, discus, javelin or any other field
event. This product might be used for specific training, providing a tool to be used in
conjunction with the video learning that currently occurs; actions can be converted into
numbers that may be useful in developing habits and motions that will aid an athlete.
Another application would be over a long period of time. Athletes could be recorded over
many competitions, and the motions that lead to a good or bad day could be quantified in
a manner that may be helpful to structuring training routines or encouraging certain types
of motions in the future. As this has never been done on a large scale before (due to the
bulkiness of equipment and price) training has not been developed around the use of this
envisioned product; however, there is undoubtedly potential in this area of athletics
merging with electronics, and Wired Skin will allow the exploration of that avenue.
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2.0 SURVEY RESULTS: MARKET ANALYSIS
The main limitation to the entry of the proposed product into the consumer market
is consumer preferences: the percentage of sports participation in market, current
electronic products used, cost, size, battery characteristics and importance of various
improvements. The survey I created and conducted (See Appendix A for full survey)
aimed to quantify the market demands in order to best tailor a product so it will be
successful in the market.
Participants for the survey were acquired by emailing varsity, club and intramural
sports lists at MIT. Those interested were directed to a web link were the survey resided.
The website was setup so that once the user hit the "Submit" button, the data they filled
out was sent via email to my school account. That data was then transferred to a
Microsoft Excel file where it was easier to quantify and record in the form of charts and
graphs. No incentives were offered for participating in the survey.
The survey consisted of 19 questions that were aimed at gaining a better
understanding of what barriers currently exist to increasing the presence of electronics in
athletics. The survey was conducted with 200 individuals, and the demographic is skewed
towards college students, with 95% between the ages of 17 and 29. Height similarly
leaned towards the range of 5'6" to 6'0". Weight was more evenly spread, with the
majority of the participants weighing between 100 and 175 pounds.
The general distribution of sports participation is detailed in the graph below.
Note the large percentage of runners in the group.
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Figure 1: Distribution of sports participation in the survey field
Roughly 50% of the survey group uses electronic devices while working out, and
the distribution of what types of devices are used is listed in the figure below.
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Figure 2: Percentage of devices used in survey field
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PMD stands for Power Measuring Devices, HRM for Heart Rate Monitors, and
EAE for Exercise Analysis Equipment. Note that the highest percentage of device used is
timers, which are cheap, easy to use and easily accessible (quite often simply existing on
a normal wristwatch). The lowest percentage of devices used are the more complicated
and expensive ones: power measuring devices and trackers/locators. These are devices
that are used by higher level athletes due to their price and complexity, making them
worth the money only to those athletes who are serious competitors. Even varsity college
athletes do not typically have these, and they are rather purchased for a team as a whole,
or by individuals who are competitive enough to warrant their purchase.
The next stage of the survey involved collecting data regarding the prices people
are willing to pay for the electronics addressed in the survey. Most participants wanted to
pay the least amount possible (less than $30) for these products, but it is interesting to see
the spread of the actual data for the various devices, and how some lean starkly towards
the lower price range, while others have a more even distribution. This data is shown in
the figure below.
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Figure 3: Amount survey field would pay for Exercise Analysis Equipment (EAE)
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Individuals tended to be willing to pay more for devices they would use
additionally outside the realm of athletics. These included cell phones, PDA's and MP3
players. A willingness to spend more than the lowest amount existed for some products.
This trend occurred in products that tended to cost more (Exercise Analysis Equipment,
Trackers/Locators and Heart Rate Monitors), but were only useful to non-casual athletes.
It is also important to note that if the demographic survey included older individuals in a
higher concentration, the presence of a secure income might shift the graph to the right.
The final set of questions dealt with the amount the participants are willing to
spend on improvements in electronics for athletics. The three possible improvements are
reflections of the strengths of the products proposed in this paper, and are: wireless
integration, minimal battery charging and reduction in device size. The figure below
relates which improvement the survey participants feel are most important.
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Figure 4: Survey-determined importance of improvements in sports electronics
This graph conveys that reduction in device size is of foremost importance,
leading to mass and shape of items being a top concern while developing electronics for
athletics. Wireless integration is a less immediate concern, as most users are comfortable
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with a single wire for use of a single electronic device. When reduction of size allows for
use of multiple electronic devices, wireless integration will become more important,
owing to the number of wires that will be necessary for data and power transfer among
devices, creating a unified net of electronics. Battery charging is of even lesser concern as
many batteries last much longer with the reduced power consumption of electronic
devices. For example, an Apple iPOD can last approximately 12 hours on a single battery
without re-charging. This too will become a bigger concern as more electronics are used
concurrently, leading to a single battery supplying power to all devices. This will draw
more charge from the battery, and lead to a desire for limited re-charging.
3.0 THE PRODUCT: Wired Skin
3.1 The Impact of Market Research on the Product Concept
The market research illuminates several factors that must be addressed in order
for Wired Skin to become successful in the consumer market. First of all is the fact that
timing devices and MP3 players are currently the largest presence of electronics in
athletics; so while the product deals with emerging/cutting edge technologies, it should
also support these simpler devices that are popular in the current consumer population.
Another factor is price. Some individuals are willing to pay greater amounts for a product
that integrated well into their athletic routine; however, most survey participants limited
their spending to $30 or less. This stresses the minimization of price via product
construction, manufacturing and other development issues. Most importantly, however, is
the universality of the product's use. A product that is flexible and compatible with many
devices allows its price to be higher due to its multiple uses. This is one of the main
features of Wired Skin, and is a key feature to its expected success. The final factor
elucidated by the survey, indicated consumer preference for electronic improvements in
the order of: reduction of device size, wireless integration and minimal battery charging.
Wired Skin focuses on the reduction in device size in several manners, from device mass
and volume to reduction of extraneous items such as wires that impede athletic activity
just as much as the more direct issues.
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3.2 The Components of Wired Skin
Wired Skin is an integration of three emerging technologies that address the
current needs of the market. It is invisible to the user, which allows for use while training
or competing in athletics; it has data recording features, which will greatly help in the
creation of training programs and the understanding of how the human body and
equipment function during athletic events; and finally, the product aims to appeal to the
cost restrictions of users by its compatibility with almost any consumer electronic device.
Of course this requires some re-design of the electronic equipment, but this product
encourages and allows the use of almost any device.
The technologies Wired Skin uses are The Microsoft Full Body Network,
ShapeTape and the FluidFocus Lens. Through a combination of these revolutionary
ideas, exciting new steps can be taken in the areas of data acquisition, communication
and athletic event planning. The backbone of the product will be the Microsoft Full Body
Network, providing a method for data and power transmission without wires or other
paths of communication that would impede normal athletic activity. The technology will
allow the skin to serve as a medium of data and power transmittal, requiring no
extraneous weight or instrumentation. Once this has been implemented, devices for data
collection, communication and A/V transmission can be placed in such a manner to allow
the athlete normal freedom of movement.
The next step encouraged by the market research, will be the reduction in size.
This is where the other two technologies fit in perfectly. The FluidFocus Lens is an
extremely low profile device that requires only the application of an electrical current in
order to create concave and convex shapes (thereby creating a variable focus lens). The
mechanical elements that normally accompany a telephoto lens will no longer be
necessary, and all that will be required is a capturing medium and a method of data
storage. This significantly reduces the bulk and mass of the camera, as the mechanical
elements necessary for zoom on a lens take up approximately 20% of most camera's
mass. This device can be used for many purposes, including relaying information back to
a coaching staff, rear-viewing while in mid-competition and observation of body or
mechanical elements while in motion.
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ShapeTape is another technology that fits in well with this minimally-intrusive
athletic device. As a sensor that can detect changes in curvature, displacement,
acceleration and force, whose thickness is that of a normal piece of athletic tape, this
technology is invaluable for data acquisition on equipment as well as athletes themselves
while allowing normal activity. Additionally, due to the Microsoft Full Body Network,
the data acquisition can occur on a small computer device (perhaps a PDA) that is placed
in a convenient location on the body. Connection between the PDA and the ShapeTape
would occur via the skin, serving as conduction medium for data and power.
3.3 Limitations of the Current Market
Market sustainability for Wired Skin is currently weak due to several factors;
however there are still many obstacles that need to be overcome in order for these
technologies to work independently, much less as an integrated product. But the time it
will take to get these components working will allow an addressing of several serious
market issues. Within the next few years, cost, availability and ease of use of these
technologies will all move to an area that consumers will appreciate, and make Wired
Skin, or a similar product, a revolution to the ways technologies are used in sports.
While there is a large infusion of electronics in the arena of sports, there are two
major limitations that prevent these technologies from fully integrating into athletics.
First and foremost is the interference these devices prove to the athletes. Wires, mass and
shape are large factors causing athletes to shy away from using electronics more heavily
in their training and competition; until this issue is addressed, electronics will not become
a norm in the world of sports. Current technology depends heavily on wires as a method
of data transmission and the transition to wireless technology is slow and tedious. While
devices using wireless are available, they are out of the price range for many users, and
therefore not a viable option. Embedding wiring in textiles is one proposed solution to
this problem, but still in its developmental phase. The other solution is using the skin as a
conduction medium (The Microsoft Full Body Network), but this too is in its
developmental phase.
The second barrier is the capability of these electronics, and what is being targeted for
work in the future. The majority of devices (such as MP3 players) are currently used for
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entertainment, helping athletes push through the exertion and fatigue of a normal
workout. The other set of instruments deal with data collection in three areas: heart rate,
speed and distance. There are numerous manufacturers for these types of data collection
devices, and what the sports industry really needs now is new types of data collection
tools. One of the major considerations for athletes and their equipment is the amount of
stress, strain and normal wear and tear they undergo. This is an extremely important issue
when considering new training techniques, new equipment and even in the evaluation of
the effectiveness of current techniques. The ability to tell the maximum, minimum and
average stress an object or limb undergoes throughout the course of a season is invaluable
when considering the health of the athlete, and choosing the correct regime for working
out.
Dealing with the same vein is the observation of the athlete and their equipment
during training and competition. Data collection in the form of numbers and plots is
extremely useful, but sometimes simple video or pictures can tell so much more, and in a
manner understandable to a wider range of people. The current technologies available for
unobtrusive video and picture are not available in the necessary size at a reasonable price
range; this is yet another area that sports electronics could afford more development and
consideration.
4.0 BACKGROUND ON THE TECHNOLOGIES
4.1 Microsoft Full Body Network: Near Field Intra-Body Communication
The Microsoft Full Body Network, a technology just patented in the summer of
2004, is a revolutionary new idea in the field of data and power transmission. It not only
provides a wireless way to direct both of these elements, but without any extraneous
hardware. All that is needed is skin, which has been proven to be receptive to electrical
stimuli, which is the basis of all data and power. Electrical signals can be altered in many
ways to contain data, and the ability to control the flow of this current within the human
body is an excellent way to use the skin in substitution for wires.
The rational behind creating such technology lies in the reduced amounts of
power needed for the operation of many personal electronic devices and the redundancies
that exist in many of the devices. For example, both cell phones and PDA's use an LCD
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display screen; stopwatches and MP3 players both use speakers; and all of these devices
have the possibility of using keyboard input.
When considering what medium with which to transmit data, there are several
possibilities. Near-Field intra-body communication was the type decided upon to be used
with Wired Skin, and was mainly due to the downfalls of the other two choices: Radio
Frequency (RF) signals and Infrared (IF) communication. The problems with RF signals
reside in interference between multiple devices, the high cost of implementation and
large amounts of power required to operate. IR communication did not have these
problems, but rather the serious issue of opaque objects causing interference. When
implemented on the human body, and used for athletic activity, that is something that
cannot always be avoided, and therefore a major concern. In addition to having none of
the cons of RF or IR communication, Near-Field Intra-Body Communication has the
possibility of power as well as data transmission, allowing the implementation of
different type of power supply methods.
The idea of using the skin as a medium of information and power transfer arose
from a medical technique called Transcutaneous Electrical Nerve Stimulation (TENS).
This technology uses a small electrical device to transmit electrical impulses across the
skin as a way of treating pain. There is no skin penetration required, but rather electrodes
placed directly on the skin suffice. Treatment consists of a small low intensity electric
charge applied to the area of pain.
Near Field Intra-Body Communication will consist of data and power being
transmitted via the skin, and connected to the electronic devices via electrodes as used
with TENS technology. Additionally, skin to skin contact between people will result in a
connection between the two otherwise isolated systems.
Power will be transmitted via a pulsed AC or DC signal. Multiple frequencies can
be use to power individual devices independently. For example, a 100 Hz. signal may
power a microphone while a 150 Hz. signal will power the speakers. The graph below
depicts the possible frequency signals and what devices they may power.
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Figure 5: Frequency modulation for device activation.
A 100 volt limit should be placed on the transmission signal as user discomfort occurs at
levels higher than this. While this is a high voltage of data transmission, using picoamp
currents will make it safe and comfortable for the user. Another possibility for signal
control lies in pulse duration, which may be used to transmit commands (ex. on and off).
The figure below shows how varying duration results in different signals and what
devices this variety of signals may control.
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Figure 6: Various pulse durations and possible devices triggered
There are two choices for the transmittal of data: digital or analog signals. Digital
data can be controlled via frequency or amplitude, but required additional electronics to
translate the signal into a transmittable format. Using an analog signal for data
transmission would avoid the need for digital circuitry; this works well for analog audio
signals using Piezo electric speakers. They convert the received audio frequency into
acoustic audio signal. Audio frequency signals, passed over the BUS are then
transformed immediately into an acoustic audio signal by the Piezo electric element of
the speaker. Additionally, there is no need for supplemental interface circuitry. The
speaker element as a whole is very small.
The distance of transmittal should not be a major issue, as smart software will
minimize the strength of the transmitted signal to use power most effectively. Also, since
all signals are transmitted within the body, there should not be significant concerns for
privacy.
In addition to a conveniently placed battery (requiring only skin contact to power
all electronic devices), there are the possibilities for kinetic converters to be coupled with
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the system to change kinetic energy to electric. This would reduce the need for battery
replacement or charging, and promote environmental alternatives to mass battery use.
There are many possible uses for athletics that this technology would allow.
Communication with athletes for long-term sporting events such as biking, marathon
running and marathon swimming is one possibility. This wireless technology would
allow the communication elements to be placed in unobtrusive positions, causing no
decrease in athletic performance, but still permitting communication with coaches and
other staff. Both speaking and listening would be allowed with appropriately placed
speakers and microphones, and a centrally-placed LCD interface could enable data
acquisition in the form of maps, statistics of the race and weather conditions.
Another very important application would be this product's use in dangerous
environment (or isolation) sporting events such as mountain climbing, hiking or
wilderness events. It would allow communication with officials for safety measures,
advice from coaches and teammates, user health statistics, and GPS locators all without
impeding the performance of the athlete.
4.2 ShapeTape
ShapeTape is a technology, that when coupled with methods of data storage,
could be immensely useful in the areas of equipment and user statistics during training
and competition. Since the displacement, curvature, acceleration and force sensor is no
thicker than a strip of athletic tape, and equally light, it can be placed almost anywhere on
an athlete or his equipment without hindering performance. This technology, coupled
with the Full Body Network's elimination of wires for data transmission, is very exciting,
and could open up doorways to equipment analysis and athletic training.
ShapeTape has been available for the past ten years, but has yet to significantly
spread throughout the sports industry market. It has been used primarily for research
purposes, but has yet to move into the consumer market and mainstream research.
ShapeTape is composed of fiber optic Inner Diameter curvature sensing loops. It
measures position and orientation continuously along its length and has up to six degrees
of freedom. The sensors can measure curvature, displacement, acceleration and force. It
can be used on both animate and inanimate objects and the tape (placed using adhesive as
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with any other athletic tape) is custom made for each order with tailored degrees of
freedom, area and types of sensors. Currently, data acquisition does not require cameras
or magnetic fields, but only wire connections to a laptop or desktop. The website
describes the sensors as "rugged, bilateral and rapid". The tape works by sensing the
orientation of objects relative to each other. Current applications are biomedicine, seating
design, modal analysis, film animation, musical instruments, robotics control and many
other areas.
: s . -I t., : .
X,. -- '~.. - l , L
Figure 7: ShapeTape demonstration with computer output
[http://www.measurand.com/products/ShapeAnimatoroverview.html]
The prices of the current products depend on three factors: the length of the zone
with sensors in it (sensorized zone), the number of sensors on the tape, and the type of
tape (serial or analog). The chart below lists the prices related to the length of the tape.
The reason they vary is because the longer tape requires a different process to
manufacture.
Table 1: Additional charge for additional length of ShapTape
Length (m) Additional Charge
<2.2 $0
2.2-4.2 $1,300
4.2-7.2 $3,000
The base prices for the tapes are listed below, and if additional lengths are
required, Table 1 describes the prices for that.
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Table 2: Base-line prices for a 1292 mm length of ShapeTape
No. sensors Serial ShapeTape Analog ShapeTape
16 $4,700 $4,950
24 $5,900 $6,850
32 $6,900 $7,850
In addition to the ability to custom order the product,
models whose prices are listed below.
Table 3: Standard models of ShapeTape
there are several standard
No. of Sensors Type Sensorized Zone (mm) Lead (mm) Tip (mm) Price (US)
16 Serial 480 15 7 $1,495
16 Serial 480 495 7 $1,495
32 Serial 960 15 7 $1,995
The lead and tip refer to the non-sensorized zone (where no sensors exist) of the
tape used for attachment or other purposes.
There are many possibilities for this technology to the sports industry. Movement
analysis for high power output motions such as serving, batting, and track & field events
in addition to new techniques is a major area of possibility. Another application could be
the analysis of motion over long periods of time, characterizing the affects of fatigue on
an athlete. The consumer realm of athletics would also gain significantly from this
technology by testing new products and their affects on the human element.
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Figure 8: Possible ShapeTape application
4.3 FluidFocus Lens
The FluidFocus Lens achieves the creation of a lens that can change its concavity
(curvature); this allows it to focus on objects a variety of distances away. This is nothing
new in the technology of lenses; what is innovative is the fact that no moving, mechanical
parts are required for this lens to function. The only requirement is the application of a
variety of electrical currents across the lens. This allows an entire camera (consisting of a
lens, variable focus and recording medium for pictures/video) to be build at a fraction of
a normal cameras size with all he same features. This large reduction in size and mass
makes this a perfect application to sports technology. This lens will introduce the power
of recording video and images from an athlete or his equipment without hindrance to
performance.
This lens, composed of only oil and water, was developed at Royal Philips
Electronics of the Netherlands. The scientists responsible for the invention were Stern
Kuiper and Benno Hendriks. The technology mimics the human eye, and allows for
variable focus using no moving parts and small amounts of power. The concave and
convex lens shapes are formed by the interaction of water with the oil inside the lens
itself.
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Figure 9: Demonstration of FluidFocus Lens setup
[http ://www.photographyblog.com/images/products/philipsfluid-lensel.jpg]
The lens construction consists of a sealed glass tube filled with non-electrically
conducting oil and an electrically conducting solution of water and soap. The interior
walls have a Teflon-like coating that repels water. This forces the soapy water solution to
form into a hemisphere shape at one end of the tube. When an electric current is applied
to the solution, water is attracted to the sides of the cylinder, and the oil flattens, at the
center. Upon an increase in voltage more water climbs up the side of the tube, forming a
convex shape. Very small amounts of power are required for the solution to maintain its
shape.
Figure 10: Demonstration of how the FluidFlow Lens works
[http://www.photographyblog.conm/images/products/philipsfluidlensel.jpg]
The current prototype of this product is 3mm in diameter and can focus on objects
as close at 5cm up to infinity. It is a very rugged prototype, undergoing over 1 million
cycles of rapid changes in focal length with no change in optical performance. It can also
focus 20 times faster than the human eye whose response is 10 milliseconds with the
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appropriate auto-focusing algorithm. The company is hoping that in one to two years this
product can become commercially applicable.
Applications to sports might exist in the placement of these small cameras on the
body of athletes, allowing for an 'athlete's eye view' for the entertainment sports
industry. Also, the extremely fast reaction time might allow for better documentation of
extremely fast sports for both entertainment and training purposes.
5.0 ANALYSIS: Costs & Limitations
5.1 Microsoft Full Body Network: near-field intro-body communication
Since this technology was patented in the summer of 2004, there are major
development issues that need to be addressed, and even the creation of general solutions
to the overall product concept. The technology the product will be based upon is
available, but has not ever been implemented to transmit data via the skin. Therefore, that
entire process needs to be developed and tested.
The first major issue is directing the electrical signals throughout the body in a
fashion that is effective and mindful of a limited power supply. A full body signal will
most likely be implemented (in the form of varied pulse duration or frequency as show in
Figures 1 and 2) to turn devices on and off, but there will have to be directionality for
signal transmission. As the product is not currently in production, this issue has not been
resolved as of yet.
Another possible problem might arise with the introduction of physical action to
data transmission. The structure of the human body already contains electrical signals
that conduct via nerves, instructing the body to perform certain actions or feel a certain
way. The presence of this pre-existing transmission of data might somehow affect adding
another layer of data. The technology that implements electrical stimulation, TENS,
applies an electrical current to an area while the individual is usually stationary, not
undergoing strenuous physical activity. The mixture of physical activity (and therefore
increased presence of nerve activity in the human body) and the addition of a layer of
electrical data transmission is a situation that needs to be tested and documented. This
will allow a greater understanding of how adding an electrical current to an active body
works, and create structure to the guidelines of product development.
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Additional difficulty might be encountered by environmental problems with
moisture such as rain or sweat. The general reactions of the body to physical exertion,
resulting in increased pore size, greater blood flow near the surface of the skin, and
sweating also might change skin characteristics enough to warrant a change in data
conduction methods.
Since this technology is not being developed currently, none of these issues are
being actively looked at by Microsoft; however, these will undoubtedly be key concerns
with development and creation of this Full Body Network.
5.2 ShapeTape
There are several concerns that are brought to the forefront when considering the
application of this technology to the field of sports: moisture and temperature concerns,
restrictions to the amount of stress the tape can withstand and the limitations to
implementation of wireless technology. However, upon further research with a contact at
ShapeTape, it was determined that none of these concerns are major ones.
Moisture concerns are negated by a protective sheath that protects the circuitry
from even underwater submersion. For the smaller sensors, potting or sealing is used to
protect the more vulnerable internal elements.
Limits to the amount of stress and strain the tape can handle are conveyed by a
minimum bend radius of 20mm and a range of +90°. Bends in excess of a 4cm radius can
affect accuracy, and quality control testing is only done at the +90° range.
Most of the current ShapeTape products do not implement wireless capabilities;
however, the technology has been developed to work with the product and will soon be in
use. Currently, the modem range is 180-250M at 1 Mbps. At the longer range of 300-
350m, the speed drops to 5.5Mbps. Dropped data is not a concern until data is being
transmitted over several hundred meters. This technology will sell for $2000. The
company is currently experimenting with a wireless product that will allow fewer
ShapeTape devices (as opposed to the 8-10 the emerging equipment will support) to be
used wirelessly for a lower cost since $2000 is steep for consumers using only several
ShapeTape sensors.
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5.3 FluidFocus Lens
There are several hurdles the FluidFocus Lens must cross before it can be created
into a viable consumer product, and even be considered for sports applications. The main
concerns for the company involve designing the lens so it can handle the normal wear
and tear cameras face today and operate under a wider range of temperatures. Additional
steps that need to be taken are increasing the size of the lens, and design of a
manufacturing process to meet consumer demand. Currently the company is focusing on
only the lens creation. Additional time will be needed for development of a
manufacturing process and the production of a camera to implement the lens.
Since the camera is composed of only oil and water and held in a delicate
equilibrium by an electric current, physical shocks are of great concern to the system.
Possibilities are currently being explored for ways to withstand normal working condition
modern consumer electronics are subjected to.
The current prototype lens is 3mm in diameter, and that is the only size at which
the company has successfully met specification. However, some applications will call for
larger lenses, and since the technology works better on a smaller scale, this is a major
hurdle. The larger the lens, the more power is required to change focal lengths and
maintain focus. Additionally, there is also a longer reaction time to focus upon an object.
The setup will also be more vulnerable to environmental shocks and stimuli.
Temperature is another concern for operation of the lens. This is a significant
concern if the technology ends up being used for exploration of any kind. There are some
proposed solutions, but nothing has been publicly announced as a success.
The final obstacle is an industry setup for mass manufacturing of this product.
That is the final concern that will be addressed, and will be tailored to the overall design
and components of the product. The company's goal timeline for launching this as a
consumer product is one to two years.
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6.0 DISCUSSION
Using the results of the survey, it is immensely important to consider size with the
proposed integration of the Microsoft Full Body Network, ShapeTape and the FluidFocus
Lens. Wired Skin must be virtually invisible to the user, and yet still do its job. Each of
the elements of the product address this issue in a manner, and wireless integration is a
woven into the solution by eliminating the mass of wires that would accompany any
electrical products coupled with a computer system for data logging.
The strength of this product lies in the ability of each aspect to solve the problems
with introducing electronics to the world of athletics in its own manner. The Microsoft
Full Body Networks acts as the backbone of the system, serving as the conduit for data
and power transmission. It would take on the responsibility of ensuring no dropped data,
fast transmission, directing data and power to the appropriate devices and managing
power so as to use it most efficiently. These are very large responsibilities, and key for
this product to be viable in the consumer athletics industry.
ShapeT'rape fits the profile of a product that is reliable and small. It is no different
from a normal piece of tape, and yet has the capability of huge amounts of data
collection. It serves as the link for Wired Skin to the physical/mechanical world. The data
it gathers can tell the user numerous facts about the limb or equipment to which it is
attached. These facts include stress, strain, bending, acceleration and position. Coupled
with the Full Body Network, this data can be transmitted to a portable computer in the
form of a PDA or other device to record data in real time. The elimination of wires and
the manner of data collection combine to create an environment where the athlete can act
completely normal, providing realistic data.
The FluidFocus Lens breaks the size barriers for a lens that can focus at a variety
of distances. No mechanical parts are needed, and so the size of the entire telephoto
mechanism is significantly reduced. In addition to addressing the size requirement, the
FluidFocus Lens is this product's link to the visual world of an athlete. Just as ShapeTape
works on data acquisition from the mechanical world, the FluidFocus Lens is capable of
documenting images and video while posing no impedance to normal athletic activity.
The camera is capable of being so small because the digital storage mechanism (which
takes up another large portion of the device size) will already be present in a PDA,
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eliminating the need for redundancies, and therefore added mass. The image will be
transmitted via the Microsoft Full Body Network to a PDA or small computer, and stored
in that area, allowing the camera to be extremely small.
This combination of the three technologies allows a method to access physical
(mechanical) and image data from the world of an athlete without changing behavior.
This is invaluable information when attempting to optimize training routines, fatigue
analysis, and determine the pros and cons of new products and overall understanding of
athletics to a greater degree. The Microsoft Full Body Network, ShapeTape and the
FluidFocus Lens provide the perfect blend of technologies that can meld into a product
that will revolutionize the way electronics and athletics are combined, and will
undoubtedly lead to faster, stronger and better athletes.
7.0 CONCLUSION
Wired Skin is a very exciting possibility in the near future for the world of
athletics. Having a product that is virtually invisible to its user, yet functional in so many
manners will change the way training is structured and products are developed in the
arena of sports. Undoubtedly, this product will first find its way into athletic groups that
have more monetary resources, but eventually it will filter down into the general
consumer market. Structuring the product around the needs of these consumers was a
major focus of this research, and should lead to a widespread use in time.
While the three technologies discussed in this paper, the Microsoft Full Body
Network, ShapeTape and the FluidFocus Lens, still require much work in order to
become viable consumer products, the steps that need to be taken are within the grasp of
five to seven years of product development and planning. If the technical issues are
resolved, and the market needs are kept in mind, there is a good possibility of actually
implementing a product that combines these three technologies into a product usable by
athletes to record data and footage of training and competition.
The major hurdles that need to be addressed are the prices of these technologies
and their integration with the variable environment of athletics (dealing with shock,
stimuli, sweat, dirt etc.). Price is the largest concern, as the cost expectations from the
market analysis were very low, and any new technology will take time to drop in price.
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However, once that is done (which may simply take time and the streamlining of
manufacturing methods) one of the major issues will have been solved. Additionally,
there are the technical developments that need to be made, especially with the Microsoft
Full Body Network, as that is currently the least developed product. The ShapeTape and
FluidFocus Lens are well on their way to being used in the manner this paper discusses,
but still need time to develop both technically and become accepted by the market.
The survey was the most variable aspect of the research done, and if conducted
again, it would be useful to address a greater variety of age groups to acquire a better feel
of market expectations regarding pricing of products.
I believe with an understanding of these issues and a resolution of technical
problems it is very possible that these products will make an impact on the consumer
market. Limitations to permeation into the athletic arena may exist at first, mostly due to
cost, but with time, and the innovation of new technology, cost will reduce, allowing the
application of Wired Skin to the athletic industry. With the proper analysis and
considerations of market demands (a factor commonly overlooked excluding cost) the
viability of any product can be assessed. It will be interesting to see how these
technologies eventually end up being implemented and their penetration into the sports
industry. Also, at the time Wired Skin or a similar product hits the consumer market, it
will be exciting to observe what new technologies are emerging, leading to the ever
continuing cycle of technological innovation and improvement
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APPENDIX A
SPORTS TECHNOLOGY SURVEY:
1. Sex:
2.
KMate
2. Age
<16
3. Height
4'5"
4. Weight
< 100 tbs.
5. Please select all the sports you participate in and to what degree:
iI Archery 0 Casual O Varisty/Competitive
--I Badminton O Casual O Varsity/Competitive
ElBaseball 0 Casual 0 Varisty/Competitive
El Basketball 0 Casual 0 Varisty/Competitive
iEI Bowling 0 Casual 0 Varisty/Competitive
i~Ei~"Bo"~ n g ~~~~~~~~ .. ........ ..... ..--................ .....  .....................  ... ..... .............. ...I ..... ......... ................ .... ..  .. ... ...6"a s u a ' -v'a "Sy ' 0 m p e 'i'e ................................El Boxing 0 Casual O Varisty/Competitive
El Climbing .0 Casual 0 Varisty/Competitive
LiCycling 0Casual 0 Varisty/Competitive
El Equestrian 0 Casual 0 Varisty/Competitive
E Fencing 0 Casual 0 Varisty/Competitive
El Fishing OCasual O Varisty/Competitive
EI Football OCasual 0 Varisty/Competitive
':" ...... . .... .........   " .....................................  .. ............ '" "c ;' ''O v " '; ") o 'p [' 'e .........................[IGolf OCasualO0 Varisty/Competitive
El Gymnastics ,0 Casual 0 Varisty/Competitive
[El Hockey O:0CasualO0 Varisty/Competitive
..l Hoe ... . ................  .  ..- ...... ......... .. .................  caul vai tyc   i .................  
El Lacross 0 Casual 0 Varisty/Competitive
IE Martial Arts 0 Casual 0 Varisty/Competitive
E Orienteering 0 Casual 0 Varisty/Competitive
LIRaquetteball 0 Casual 0 Varisty/Competitive
32
i] Rowing 0 Casual 0 Varisty/Competitive
i :. ... ........... .... ..... ...... .................. ....----.: ..... .......:..----:.................... ........... 5  .. .................:: ............ 
Cl Rugby 0 Casual 0 Varisty/Competitivej! ...... .............
ElI Running 0 Casual 0 Varisty/Competitive
LI Sailing O Casual O Varisty/Competitive
LiE Skating O Casual O Varisty/Competitive
Jo~~~~~ ~ .... . ...... ... ' _.:.. ....... :...:.. ..... . . . . . . . .......- - . ... . ... ....... j
EI Skiing O CasualO Varisty/Competitive
l Snowboarding 0 Casual 0 Varisty/Competitive
l Soccer CasualO Varisty/Competitive
l] Softball :O Casual O Varisty/Competitive 
il Squash 0 Casual 0 Varisty/Competitive
°i Surfing 0 Casual 0 Varisty/Competitive
C'] Swimming & Diving 0 Casual O Varisty/Competitive
Li Table Tennis 0 Casual 0 Varisty/Competitivei'""E' Taie T~' ...... ..... . .. ..... ..... .. ......................................................: 6""asa"'... y.o.ttve"'"':............i
] Tennis :O Casual O Varisty/Competitive
L] Track & Field Casual 0 Varisty/Competitivei............................................................ " C i e  
L'] Triatholon 0 Casual 0 Varisty/Competitive
E] Ultimate Frisbee 0 Casual O Varsity/Competitive
l Volleyball 0 Casual 0 Varisty/Competitive
E] Water Polo Casual Varisty/Competitive
i ~~~~~~~~~~~~.......... . . .. ,. .. .. .  ........ ............ . .... . .. ...... ...... ... .... .. ...... ... . .... ............... ........... .................
E] Waterskiing 0 Casual 0 Varisty/Competitive
~~~~:. ....... ... ..... . .... . '...
C] Weightlifting 0 Casual Varisty/Competitive
LC] Windsurfing Casual O Varisty/Competitive
.... ~~~~~~~~~~7 -- ------- .... . . . . . . . . . . .i'... 71 .i...... ............ ;
'I Wrestling Casual O Varisty/Competitive
6. Do you use electronic devices while you work out/compete?
0 YesO No
7. If you answered 'yes' to the previous question, what types of devices do you use?
] Speedometers
[ Power Measuring Devices
[] Heart Rate Monitors
L] MP3 Player
L] Cell Phone
] PDA
[]Odometer
[]Timers
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El Trackers/Locators (GPS)
[] Exercise Analysis Equipment
8. If you purchase or were to purchase any of these devices for your athletic needs, what would you be willing to pay for them?
I<$30 Speedometers
<$30 Power Measuring Devices
Heart Rate Monitors
MP3 Player
Cell Phone
PDA
Odometer
Timers
... Trackers/Locators (GPS)
Exercise Analysis Equipment
9. Please rank the importance of the following improvements to athletic-electronic devices relative to each other.
FWireless Inegration
1
Minimal Battery Charging
FReduction of Device Size
10. How much would you be willing to pay for each of these improvements?
$5-$10
5$5-$10
$5-$10
Wireless Integration
Minimal Battery Charging
Reduction of Device Size
11. If all of these improvements (wireless integration, minimal battery charging and reduction in device size) were made simultaneously on
a device, how much more would you be willing to pay for them?
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<$30
<$30
<$30
<$3o
<$30
<$30
$30
o $5 - $20
o $21- $60
o $61- $100
0 $101 - $150
0 $151 - $200
0 > $200
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